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Objectives: To identify risk factors for intestinal ischaemia after aortoiliac surgery. 
Materials and methods: Among 2824 patients operated on during 1987-93 and registered prospectively in the Swedish 
Vascular Registry, 62 cases of postoperative intestinal ischaemia were identified. They were compared with the remaining 
2762 patients through the registry and with a random sample of 127 controls through patient records. Multivariate 
analysis was performed. 
Results: Patients in shock operated on for ruptured aneurysms were at greatest risk of developing postoperative intestinal 
ischaemia. Excluding patients in shock, operation for aneurysmal disease and for occlusive disease carried the same risk. 
Renal disease, mergency surgery, age, type of hospital, aortobifemoral graft, operating time, cross-clamping time and 
ligation of one or both internal iliac arteries were independent risk factors. 
Conclusion: Patient-related haemodynamic risk factors together with surgical skill and decision making defines the risk 
for this serious complication. 
Introduction 
Ischaemic colitis is a well known complication after 
aortoiliac surgery. It was first reported by Moore 1 1 
year after the first successful resection of an abdominal 
aortic aneurysm (AAA). Initially there was some con- 
troversy about the incidence of the complication, vary- 
ing from 0.2-10%. 2,3 In retrospective studies during 
the last 20 years the incidence of clinically detected 
intestinal ischaemia is 1-3%, 4-7 increasing to 2-27% 
among patients operated on for a ruptured AAA. 5'6'8-1° 
These reports are all from highly specialised centres 
with a small proportion of emergency cases, 4-7 or with 
small series of ruptured AAA. s-l° A Norwegian multi- 
centre study on 444 patients operated for AAA at 
33 hospitals reported 2% intestinal ischaemia after 
elective surgery and 10% after rupture. 11 
In five prospective studies routine colonoscopy was 
performed after aortoiliac surgery and mucosal isch- 
aemic colitis was reported in 5-9% after elective sur- 
gery and 15-60% after surgery for ruptured AAA. 12-16 
The incidence of intestinal gangrene in the same stud- 
ies was 0% after elective surgery and 3-14% after 
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surgery for a ruptured AAA, the clinical significance 
of mucosal injury therefore being controversial. In 
the Swedish Vascular Registry, where outcome and 
complications are studied prospectively, we studied 
the incidence among 2930 aortoiliac operations at 32 
hospitals and found an overall incidence of 2.8%, and 
of 7.3% when a patient in shock was operated on for 
a ruptured AAA. 17 
Five case-control studies have compared patients 
who developed the complication after aortic surgery 
with those who did not, and risk factors were ana- 
lysed. 9'15'18-2° All emanate from highly specialised 
centres and no prior multicentre study analysing risk 
factors exists. The degree of intestinal ischaemia, the 
type of analysis and the variables included varies 
between the reports. The limited number of cases 
makes them all prone to a statistical type II error. 
The aim of the present study was to identify risk 
factors for intestinal ischaemia fter aortoiliac surgery 
in a large unselected, multicentre study design, and 
to assess the importance of the various risk factors 
and pathophysiological components. 
Materials and Methods 
The Vascular Registry in Sweden (SWEDVASC) covers 
a population of 8.5 million (>90% of the Swedish 
1078-5884/97/060531+09 $12.00/0 © 1997 W.B. Saunders Company Ltd. 
532 M. Bj6rck et al. 
population). 21'22 Participating hospitals report all vas- 
cular surgical procedures, including endovascular, 
with results including reoperations and complications 
after 30 days and results after 1 year. The report rate 
and reproducibility of data is approximately 90%. 23 
From 1987 until September 1993, 20 879 vascular op- 
erations were registered. In this study all procedures 
with in-flow from the abdominal aorta were included 
except those involving balloon dilatation or em- 
bolectomy alone. Operations performed with the prim- 
ary indication of intestinal ischaemia were excluded. 
Among the remaining 2930 aortoil iac/femoral op- 
erations, 219 cases were notified with either post- 
operative intestinal ischaemia, relaparotomy, bowel 
resection or other unspecified complications. 
To estimate the frequency of clinically detectable 
intestinal ischaemia that had not been coded in the 
registry, a 5% random sample of all operations and a 
20% sample of non-survivors were identified. In all 
we requested complete patient records on 415 patients 
from 32 hospitals and 413 of them were obtained 
and analysed. Through the registry 63 patients with 
postoperative intestinal ischaemia were notified. No 
patient with the complication was identified in the 5% 
random sample, but there were three patients among 
the non-survivors. In a previous report the incidence 
and clinical presentation of these cases have been 
described. 17
With the aim of studying risk factors for intestinal 
ischaemia, we used a combination of a cohort and a 
case-control study design. In the cohort of 2930 patients 
who had been registered prospectively in the SWED- 
VASC-registry it was possible to compare the 63 
patients who had suffered intestinal ischaemia with 
the whole population and to calculate the relative risk 
(RR) for the complication, in relation to the variables 
of the registry. It was also possible to compare the 63 
cases with the 133 randomly selected controls from 
the whole patient population in a case-control study 
design, utilising the complete patient records from the 
196 patients. We did not include the three fatal cases 
that had been identified in the 20% random sample of 
non-survivors in this analysis as being non-survivors, 
as by definition they would bias the analysis. The 
variables included in the cohort study and in the case- 
control study are given in Table 1. From the cohort of 
2930 patients, 106 were excluded: one was operated 
on in a combined procedure of intrathoracic and 
infrarenal aneurysm resection, 78 with the primary 
indication renovascular disease and 17 with throm- 
bectomy procedures of aortoil iac/femoral grafts. Five 
were operated on due to trauma, four for dissection 
or exploration without grafting and one case was 
Table 1. List of main variables. 
Cohort study, 2824 patients 
Age, sex. Preoperative risk factors (yes/no): cerebrovascular disease, 
diabetes, hyperlipidaemia, hypertension, cardiac disease, 
pulmonary disease, renal disease, smoking, previous vascular 
surgery. 
Indication for surgery. Preoperative blood-pressure. Emergency/ 
Elective operation. Primary/Secondary operation. Type of hospital. 
Type and code of the operation. 
Anatomy of the reconstruction. Graft material. Reoperations. 
Surgical complications. General complications. Outcome at 30 days 
and at 1 year. Survival beyond 1 year. 
Additional variables in the case-control study, 189 patients 
Previous colonic surgery. Angiography. Size of aneurysm. 
Intraoperative blood-loss. No. of administered blood-units. 
Platelets. Autotransfusion. Blood-pressure: at start of operation, 
lowest recorded value, declamping hypotension. Suprarenal 
clamping. Cross-clamping time. Operating time. Status and 
handling of inferior mesenteric artery. Status and handling of 
internal iliac arteries. Type of anastomosis. Renal artery 
involvement. Inflammatory aneurysm. Thromboprophylaxis. 
Revascularisation of lower extremity. Administration of mannitol 
and of vasoactive drugs. Postoperative blood-administration. 
Reoperations, detailed analysis. Oliguria/anuria. Dialysis. Time on 
ventilator. Infectious complications. Findings at autopsy 
Variables in bold were significant or nearly significant (p <0.1) pre- 
and perioperative ariables in the univariate analysis, and were 
entered into the multivariate analysis. 
poorly registered. Thus, for the cohort study we in- 
cluded 62 cases in the total patient population of 2824 
patients, and in the case-control study we included 62 
cases and 127 controls. The study-design is a popu- 
lation-based and nested (in a cohort) case-control 
study. 24 
Statistics 
Whenever possible, comparison between groups was 
performed by calculation of relative risk (RR) or odds 
ratio (OR), with 95% confidence intervals (CI). The 
term RR is reserved for the cohort study where the 
risk to develop the complication is compared between 
groups within the entire patient population at risk. 
The term OR is reserved for the case-control study 
where RR cannot be calculated. OR is an accurate 
estimation of the RR if the frequency of the disease/ 
complication is low. All risk calculations in this article 
(RR and OR) refer to the risk for the patient o develop 
intestinal ischaemia fter aortoiliac surgery. 
For continuous variables, Levene's test for equality 
of variances was performed followed by Student's t- 
test to test the significance of a difference in means, 
and depending on the outcome of Levene's test equal- 
or unequal-variance t-values were calculated. Results 
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Table 2. Indication for surgery as a risk factor in the cohort-study. 
Indication for surgery No. at risk No. with RR (95% CI) 
ischaemia 
Ruptured AAA, 410 30 5.8 (3.5-9.7) 
patient in shock 
Ruptured AAA, without 151 3 0.9 (0.3-2.8) 
shock 
AAA surgery, without 1239 14 0.4 (0.2-0.7) 
rupture 
Occlusive disease 953 15 0.6 (0.4-1.1) 
Miscellaneous indications 71 0 
Total 2824 62 
RR= relative risk; AAA = abdominal ortic aneurysm. 
are presented as mean values and p-values for two- 
tailed significance, p-values <0.05 were considered 
significant. After completion of the univariate analysis 
in both the cohort and the case-control studies a mul- 
tivariate analysis with logistic regression was per- 
formed. All variables identified as possible significant 
risk factors were entered into a forward stepwise 
manner using the likelihood-ratio test for selection. 
Data management and statistical analysis were per- 
formed using the SPSS for Windows program package. 
Resu l ts  
The cohort study 
Univariate analysis. Indication for surgery in the cohort 
is illustrated in Table 2. The miscellaneous group 
included some of the patients with double indications, 
redo procedures and patients where presence or ab- 
sence of shock could not be classified. The frequency 
of intestinal ischaemia was 7.3% among patients in 
shock operated on for a ruptured AAA, resulting in a 
RR of 5.8 for the complication. Operations for ruptured 
AAA without shock did not increase the risk, nor did 
surgery for occlusive disease. Among the 312 patients 
registered for more than one indication for surgery 
the RR was 1.2 (0.6-2.5). Emergency surgery accounted 
for 28% of all operations, including both AAA surgery 
and surgery for occlusive disease. This group of 
patients had an elevated risk (RR=2.2), when the 
patients were operated on in shock due to a ruptured 
AAA were excluded (Table 3). 
Of the preoperative risk factors registered in SWED- 
VASC (Table 1), renal disease and hypertension were 
identified as risk factors for the development of in- 
testinal ischaemia. In the SWEDVASC renal disease is 
defined as creatine in serum >150~tmol/1, hyper- 
tension is defined as a diastolic blood pressure 
Table 3. Risk factors identified in the cohort-study. 
Risk factor Type of analysis 
Univariate* Multivariate* 
Patient in shock due to a 5.8 (3.5-9.7) 3.2 (1.5q5.6) 
ruptured aneurysm 
Emergency surgery of other 2.2 (1.014.7) 2.4 (1.1-5.0) 
reasons 
Renal disease 2.5 (1.3-5.0) 2.3 (1.2-4.6) 
Hypertension 2.1 (1.1-4.0) Ns 
Patient operated at a regional 2.0 (1.2-3.5) 1.9 (1.1-3.1) 
hospital 
Aortobifemoral graft NS 2.4 (1.4-4.2) 
* Results are presented as relative risk (95% confidence interval). 
The multivariate analysis was adjusted for age. 
NS = not significant. 
>110 mmHg or the patient being on medication for 
hypertension. In patients with a ruptured AAA and 
shock, renal disease or hypertension did not increase 
the risk to develop bowel ischaemia. On the other 
hand, in patients operated on for other indications, 
renal disease (RR=4.7) or hypertension (RR=4.0) did 
elevate the risk. Patients with renal disease were 
slightly older than those without, mean age 68.8 and 
67.3 years, respectively (p<0.05). Patients with hyper- 
tension Were older than normotensive patients, mean 
age 68.2 and 66.6, respectively (p<0.001). The other 
preoperative risk factors in the SWEDVASC-registry 
did not show significant association with the de- 
velopment of postoperative intestinal ischaemia: dia- 
betes 1.7 (0.7-3:7), smoking 1.3 (0.6-2.8), cardiac 
disease or prior vascular surgery 0.7. 
Patients treated at regional hospitals had a sig- 
nificantly increased risk of the complication compared 
to patients treated at county hospitals (Table 4). The 
difference was even more pronounced for patients in 
shock operated on for a ruptured AAA, RR 2.4 (1.1- 
5.4). Patients treated at district hospitals had an inter- 
mediate risk. Age seemed to be an important risk 
factor, with RR 2.9 (1.6-5.3) above 80 years, declining 
to RR 0.3 (0.1-0.9) below 60. In the above 80 age group 
41% were operated on in shock for a ruptured AAA, 
which was the case in only 16% aged 70-79, 12% aged 
60-69 and 6% below 60. In a subgroup analysis among 
the 410 patients in shock operated for ruptured AAA, 
the above 80 age group had a RR of 2.1 (1.03-4.2). 
Combining these two risk factors (age 80 or older and 
shock with surgery for a ruptured AAA), intestinal 
ischaemia developed in 12.4% (RR=6.6). All other 
sub-group analyses failed to correlate ischaemia to 
age, when indication for surgery was corrected for. 
Sex had no impact on the risk. 
There were 802 operations with a tube, 625 with an 
aortoiliac and 1069 with an aortobifemoral graft. The 
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Table 4. Risk factors identified in the case-control study. 
Univariate Multivariate 
Risk-factor Selection* Cases Controls analysist analysis:~ 
Mean intraoperative All 6.8 2.6 <0.001 Ns 
bloodqoss (litres) Shock/rupture 10.5 6.9 NS 
Others 3.3 2.1 0.005 
Mean no. of administered All 14.5 4.3 <0.001 Ns 
blood-units Shock/rupture 22.9 13.1 0.02 
Others 7.0 3.5 0.008 
Mean operating time All 292 208 <0.001 <0.0001 
(min) Shock/rupture 293 202 0.007 
Others 292 209 0.001 
Mean clamping time All 111 58 <0.001 0.03 
(rain) Shock/rupture 140 95 0.01 
Others 90 64 0.02 
Snprarenal c amping All 20/62 13/127 4.2 (1.9-9.1) Ms 
(yes/no) Shock/rupture 13/30 3/14 NS 
Others 7/32 10/113 2.9 (1.01-8.3) 
Ligation of one or both All 22/62 16/127 3.8 (1.8-8.0) 2.6(1.1-6.0) 
Internal iliac arteries Shock/rupture 11/30 3/14 Ns 
(yes/no) Others 11/32 13/113 4.0 (1.6-10) 
* All =all 189 patients; Shock/rupture =44 patients in shock with ruptured aneurysm; Others =remaining 145 patients. 
t p-value, students t-test for continuous variables; odds ratio (95% CI) for discrete variables. 
~p-values and odds ratio refer to multivariate analysis with logistic regression. Ns=not significant. Multivariate analysis was adjusted 
for age, renal disease, hypertension, i dication for surgery, emergency/elective op ration, type of hospital and anatomy ofthe reconstruction. 
remaining 328 patients had other types of re- 
constructions. In the univariate analysis the type of 
reconstruction was not identified as a significant risk 
factor when considering all patients, but when patients 
in shock operated on for a ruptured AAA were ex- 
cluded, the aortobifemoral grafts had an RR of 2.1 
(1.1-4.3). There was no difference in RR if the ana- 
stomosis was to the common or external iliac artery, 
but the SWEDVASC registry only supplies information 
on graft anatomy, not on type of anastomosis. The 
graft material (dacron or PTFE) did not influence the 
risk when correction was made for shock due to a 
ruptured AAA. Identified risk factors are shown in 
Table 3. 
The early study period (1987-1990), when 1254 
patients were operated on, was compared with the late 
period (1991-1993), when 1570 patients were treated. 
Preoperative risk factors, mean age, indications for 
surgery, mortal ity rates and incidence of intestinal 
ischaemia were identical in the two periods. Tube 
grafts were used significantly more often in the late 
period (32 vs. 24%), aortobifemoral grafts less fre- 
quently (35 vs. 41%). 
Multivariate analysis. All significant risk factors from 
the cohort study (Table 1) were entered into the logistic 
regression analysis (Table 3). Age and anatomy of the 
reconstruction were included, because these variables 
were close to being significant. The relative importance 
of the patient being in shock due to a ruptured AAA 
decreased when other risk factors were considered, 
the RR decreasing from 5.8 to 3.2. Hypertension was 
not significant, whereas the relative importance of 
aortobifemoral reconstruction was pronounced. Age 
was identified as an independent risk factor (p = 0.04) 
only when entered as a continuous variable into the 
multivariate analysis. With continuous variables RR 
cannot be calculated. The risk of ischaemia (the "haz- 
ard rate") increased by 3.5% per year in age. 
The case-control study 
Univariate analysis. In Table 4 the significant risk factors 
indentified in the case-control study are summarised. 
The other pre- and perioperative variables listed in 
Table 1 did not differ statistically between cases and 
controls. Since only 14 of the 127 controls were op- 
erated on for a ruptured aneurysm in shock, compared 
to 30 of the 62 cases, sub-group analysis was per- 
formed. There was a tendency for higher risk after 
bilateral igation of the internal iliac arteries as com- 
pared to unilateral. Fifty-six percent of the cases and 
61% of the controls received marmitol during aortic 
clamping. Three patients were operated with colonic 
resection prior to aortic surgery, two cases and one 
control. 
In 53 of the patient records the inferior mesenteric 
artery (IMA) was described as open, in 28 as occluded, 
and in 108 it was not commented on. The OR for an 
occluded IMA compared to a patent one was 1.6 
(0.6--4.3). If only patients in shock due to a ruptured 
AAA were analysed the tendency was reversed and 
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Table 5. Handling of the inferior mesenteric artery (IMA) among patients with a 
patent artery in the case-control study. 
Cases (n) Controls (n) OR (95% CI)* 
Ligated from within the aneurysm 2 14 
Ligated outside the aneurysm 1 2 
Ligated, unclear how 5 3 
Ligated in any way, subtotal 8 19 
Aorta divided above the IMA 1 6 
IMA sacrificed inany way, subtotal 9 25 
IMA reimplanted in the graft 3 2 
Aorta divided below the IMA - 2 
On-lay graft 3 9 
IMA not sacrificed, subtotal 6 13 
Total, all patients with a patent IMA 15 38 
0.3 (0.1-1.2) 
0.8 (0.3-2.0) 
0.7 (0.3-1.6) 
0.9 (0.3-2.6) 
0.7 (0.4-1.5) 
* Odds ratio was calculated comparing the group with all other patients in the case- 
control study. 
Table 6. Postoperative events in the case-control study. 
Postoperative event Cases Controls 
Anuria 47% 10% 
Treatment with dialysis 39% 7% 
Patient never extubated 37% 6% 
Mean time on ventilator among 13 2 
extubated patients (days) 
Reoperation, within 30 days 73% 7% 
Infectious complications 31% 14% 
30 day mortality 44% 10% 
patients with an open IMA had OR=1.6 (0.3-9.3). In 
Table 5 is described how the IMA was handled in the 
53 patients with an open artery. Of 12 patients with 
AAA operated on for other indications than shock and 
rupture, with an open artery that was ligated from 
within the AAA, none developed intestinal ischaemia. 
Among patients operated on for occlusive disease 
there was no difference whether the aorta was divided 
or if an on-lay graft was used. Reimplantation of the 
IMA was motivated by suspected colonic ischaemia, 
prior colonic surgery, preoperative identification of an 
anastomosis of Riolan or a stenosis at the orifice of 
the IMA. All three patients who suffered bowel isch- 
aemia in spite of reimplantation of the IMA had a 
patent reconstruction verified at autopsy or at re- 
operation. 
In Table 6 the postoperative event rates among cases 
and controls are shown, all events being statistically 
more common among cases. Regarding all events, 
the difference was more pronounced among patients 
operated on for other indications than shock and rup- 
ture. Two deep graft infections, one of them fatal, 
and seven intra-abdominal bscesses occurred. The 
controls did not suffer any life-threatening infectious 
complications. Of the 49 patients who died, seven died 
on the operating table, five at the primary operation 
and two at reoperation. Of the remaining 42 non- 
survivors, 23 (55%) were examined post-mortem. 
Multivariate analysis. All the identified 14 pre- and 
perioperative risk factors from the cohort study and 
from the case-control study were entered into a logistic 
regression analysis (Table 1). Information about the 
cross-clamping time was unavailable in 12 patients 
and in order not to lose power in the total analysis, 
this variable was only entered when assessing its own 
importance. The only risk factor from the cohort study 
that maintained its statistical significance in this second 
logistic regression analysis was the indication for sur- 
gery. Operating time, cross-clamping time and ligation 
of one or both IIAs were identified as independent 
risk factors (Table 4). The importance of operating time 
can be expressed as a 0.9% increased hazard rate per 
minute, and the corresponding hazard rate for cross- 
clamping time was 1.2% per minute. 
Intraoperative blood loss, administration of blood 
units and of platelets and suprarenal aortic cross 
clamping failed to show any statistical difference when 
all risk factors were taken into consideration. However, 
when a discrete variable was created for different 
amounts of blood loss, patients with a blood-loss 
exceeding 10 litres had a significant increased risk 
of developing ischaemia, OR = 6.3 (1.01-68). Fourteen 
cases and five controls had such a great blood-loss. 
Discussion 
Of the previous case-control studies only tTvVO 9'18 per- 
formed univariate analysis; the others  15'19'2° performed 
different types of multivariate analysis. The present 
study is larger, reducing the risk of type II error. One 
major weakness of case-control studies is that errors 
can be introduced by a biased selection of controls. 
The present study reduced this risk by performing a
population-based and nested (in a cohort) case-control 
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Table 7. Previous case-control studies. Risk factors for intestinal ischaemia after aortoiliac surgery. 
Author Cases/ Identified Tested risk-factors 
controls (n) risk factors not proven significant 
Kim 18 18/100 Ruptured AAA* Age* 
1983 Intraoperative Cardiac disease* 
hypotension* 
Cross-clamping time* Preoperative hypertension* 
Hypoxaemia* Gastrointestinal disease* 
Arrhythmias* Reimplantation f the IMA* 
Schiedler 19 10/24 AAA Ligation of an open IMA 
1987 Age IMA stump pressure 
SMA stenosis >50% 
Maupin 9 19/52 None Age* 
1989 ruptured Graft anatomy* 
AAA, only Hypotension* 
Ligation of an open IMA* 
Meissner is 25/25 Low cardiac output 
1992 ruptured Low temperature 
AAA, only Low postoperative pH 
Hourly urine output* 
Administration of
~-adrenergic agonists* 
Age 
Presenting symptoms 
Previous colonic surgery 
AAA location and size 
Graft anatomy 
Haematocritef 
Ligation of the IMA 
Cross-clamping time 
Suprarenal cross-clamping 
Systemic vascular esistance+ 
Gerhart 2° 12/67 AAA rupture Preoperative risk-factors$ 
1994 Coagulopathy Smokingt 
Intraoperative Hypoxia 
hypotension Intraoperative blood-losst 
Blood product requirementst 
* Only tested by univariate analysis. 
t Significant with univariate analysis, but not with multivariate analysis. 
:~ Identical with those listed in Table 1. AAA = Abdominal aortic aneurysm; IMA = Inferior mesenteric artery; 
SMA = Superior mesenteric artery. 
study, so that the whole patient population at risk of 
developing ischaemia is controlled. 
The indication for surgery proved to be a very strong 
risk factor. The number of patients in the case-control 
study was only 6.6% of that in the cohort study. This, 
together with its great importance, explains why the 
only risk factor from the cohort study that maintained 
its statistical significance in the second multivariate 
analysis was the indication for surgery. Many early 
reports 3,and some more recent, 19 have claimed that 
AAA surgery is a risk factor for intestinal ischaemia 
compared to surgery for occlusive disease, but they 
were not large enough to permit subgroup analysis, 
and ruptured aneurysms were analysed together with 
elective cases. In larger, more recent studies, 6'12'z3 it has 
been established that operation for a non-ruptured 
AAA carries the same risk as operation for occlusive 
disease, and this study confirms those observations. 
Two previous case-control studies 18'2° (Table 7) con- 
cluded that the presence of AAA rupture and of pre- 
or intraoperative hypotension were risk factors. In this 
study it was also possible, for the first time, to evaluate 
the difference in risk among patients operated on for 
a ruptured AAA, depending on the presence or ab- 
sence of preoperative shock. Patients not in shock 
operated on for ruptured AAA carried an ordinary 
risk. We conclude that the presence of preoperative 
shock is decisive, in fact the most powerful risk factor 
identified However, emergency surgery was still a risk 
factor when patients in shock had been excluded from 
analysis. 
Renal disease and hypertension as independent risk 
factors is a new observation. Brewster et aI. reported 
that 25% (6/24) of the patients with intestinal isch- 
aemia had renal insufficiency, but the frequency among 
patients who did not develop the complication was 
not reported. 6 In this cohort study cases and controls 
had preoperative r nal insufficiency in 36% and 11%, 
respectively. The importance of these risk factors was 
even more pronounced when the patient was operated 
on for other indications than ruptured AAA in shock. 
When the risk factors were analysed with logistic 
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regression, however, hypertension was no longer an 
independent risk factor. A possible xplanation is that 
hypertension is a marker of generalised atherosclerotic 
disease that confounds everal other risk factors. This 
finding is consistent with experimental data that in- 
testinal blood flow is unchanged uring essential, 
volume independent, hypertension. 25 
Renal disease, on the other hand, was verified as 
an independent risk factor by multivariate analysis. 
Patients with renal disease may be more liable to 
circulatory instability in the intra- and postoperative 
periods and might need more inotropic support to 
maintain diuresis. In a randomised, prospective study 
of elective AAA repair, patients receiving low-dose 
dopamine had significantly lower sigmoid intra- 
mucosal pH levels consistent with relative colonic 
ischaemia. 26Experimental data support such a mech- 
anism. 27 The analysis is complicated by the fact that 
patients in shock will receive vasoactive drugs, and 
as this study clearly shows, operation for a ruptured 
aneurysm in shock is a great risk per se. Meissner et 
aI. ~5 (Table 7) reported an association between the 
administration of ~-adrenergic agonists and intestinal 
ischaemia after ruptured AAA, but 40% of their 
patients had an intestinal ischaemia evident at the 
primary operation. This very high proportion indicates 
the presence of deep and prolonged shock, which by 
itself explains the difference in drug administration 
between cases and controls. In the present case-control 
study it proved impossible to analyse the ad- 
ministration of various drugs, in different dosages, 
under different time-periods, in retrospective data 
from 32 hospitals. This issue can only be addressed in
a prospective study. 
In the SWEDVASC preoperative cardiac disease is 
defined as ischaemic heart disease (prior myocardial 
infarction, CABG-operation or angina), rhythm dis- 
turbances, prior operation for valvular disease or heart 
failure. With this definition, 52% of the patients in the 
cohort, and 41% of those suffering bowel ischaemia 
were defined as preoperative cardiac disease. The fact 
that this wide definition of cardiac disease was not 
associated with bowel ischaemia does not exclude the 
possibility that a subgroup of patients with severe or 
multiple heart disease could be at risk. 
The higher isk of developing the complication when 
the patient was operated on in a regional hospital was 
verified in the multivariate analysis, which should 
correct for confounding factors. For elective surgery 
the higher complication rate could be explained by 
referral, but surprisingly the difference between hos- 
pital categories was more pronounced among patients 
in shock operated on for ruptured AAA. A possible 
explanation could be the difference in distance trav- 
elled and in the time-interval between rupture and 
surgical intervention. If distance isprolonged, selection 
of patients with less severe hypotension could be 
anticipated. Further studies are in progress where the 
present data will be supplemented with data from the 
national rescue and ambulance services. 
As has been shown before, age refuses to play the 
role of an important independent risk factor. This 
raises the question about selection, but most Swedish 
vascular surgeons would not hesitate to operate on an 
old person with a ruptured AAA if there is any chance 
of saving the patient. In this study patients in shock 
operated on for a ruptured AAA had a 30-day mor- 
tality of 43%; if they were aged 80 and above the 30- 
day mortality was 57%. 
Although the importance of the perioperative blood 
loss seemed obvious in the univariate analysis, patients 
with greater blood loss were more often in shock, 
operated on for a ruptured AAA and their mean 
operating time was longer, etc. Only blood loss ex- 
ceeding 10 litres was associated with a greater risk of 
developing ischaemia in multivariate analysis. In a 
recent report on 122 patients operated on for ruptured 
AAA, the incidence was 30% of patients who received 
more than 10 units of blood, and only 5% among those 
receiving less than 10 units. 1° The authors suggest 
that a large retroperitoneal haematoma stretching the 
collateral vessels to the colon could be of patho- 
physiological importance. They recommend early sig- 
moidoscopy for patients with a large transfusion. In 
the logistic regression analysis, only hypotension, 
cardiopulmonary recuscitation and preoperative tim- 
ing intervals were analysed. Our data indicate that 
blood loss is a marker of more advanced isease, not 
an important independent risk factor. 
Prolonged operating time and aortic cross-clamping 
time were independently associated with the com- 
plication. Preoperative shock and traction of the in- 
testines during the operation may result in an 
ischaemic low-flow situation. There are two patho- 
physiological mechanisms mediating intestinal isch- 
aemic injury, the primary ischaemic insult and the 
reperfusion injury. Whereas the primary ischaemic 
injury is the most important mechanism after total 
ischaemia, reperfusion is important after partial isch- 
aemia in a low flow situation. 28 Endogenous cav- 
enging antioxidants are depleted during aortic 
clamping and return to normal only after 24 h. 29 The 
importance of reperfusion i jury to the intestine may 
be pronounced by such a depletion. A majority of both 
cases and controls in our series had received mannitol, 
impeding clinical conclusions on a scavenging effect. 
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The importance of the status and handling of the 
IMA for the development of intestinal ischaemia fter 
aortoiliac surgery is controversial. Several authors 3'8'12 
have claimed that the ligation of an open IMA con- 
stitutes a major risk factor for postoperative intestinal 
ischaemia, but no solid scientific evidence has been 
presented. The value of IMA stump pressure to predict 
ischaemia is controversial. 19's° In studies using his- 
torical controls, which are scientifically doubtful, some 
authors have suggested aggressive revascularisation 
of the IMA to be beneficial in decreasing the frequency 
of colonic infarction. 31'32 The case-control studies 9,ls'ls'19 
(Table 7) and prospective studies 14'16 have failed to 
correlate the ligation of an open IMA with intestinal 
ischaemia. In this case-control study there was no 
statistical difference in the incidence of intestinal isch- 
aemia among patients with an open or occluded IMA, 
though we lacked information about he status of the 
IMA in 57% of the patients. No hospital practised 
routine reimplantation f the IMA, but in five patients 
it was performed. Three of them suffered intestinal 
ischaemia, illustrating that reimplantation f the IMA 
is not always effective. In 12 patients operated on for 
an elective AAA, an open IMA was oversewn from 
within the AAA and none developed ischaemia. 
In the cohort study, aortobifemoral grafting was an 
independent risk factor compared to aortoiliac or tube 
grafting. In AAA disease the aortobifemoral graft is a 
marker of more advanced isease. In many cases 
the surgeon has no other choice but to perform an 
aortobifemoral reconstruction, but in others al- 
ternatives do exist. It was verified that significantly 
less aortobifemoral grafts and more tube grafts were 
inserted in the late study period. This was not due to 
operations of smaller aneurysm in the late period, as 
the mean diameter was 66 mm during both periods. 
It appears that surgical decision-making has changed 
in favour of tube grafts, which seems favourable in 
preventing intestinal ischaemia. In the case-control 
study it was verified that ligation of one of the internal 
iliac arteries (IIAs) was associated with an increased 
risk of developing ischaemia, and that this risk was 
even more pronounced when flow of the IIAs was 
sacrificed bilaterally. Unfortunately it was not possible 
to study this aspect in the cohort, and we are unable 
to answer the question of whether the aortobifemoral 
graft is a risk factor by itself or because it often is 
associated with the exclusion of one or both IIAs. 
In summary, we found that intestinal ischaemia after 
aortoiliac surgery was associated with patient-related 
haemodynamic factors, such as preoperative shock, 
emergency surgery and renal disease. These cir- 
cumstances are not controllable by the surgeon, but 
awareness may lead to an earlier diagnosis. Patients 
with multiple risk factors carry a substantial risk of 
developing intestinal ischaemia. Risk factors as- 
sociated with surgical skill and decision-making were 
also identified. The study does not supply evidence 
that reimplantation f a patent IMA is favourable, and 
oversewing the artery from within the aneurysm did 
not seem disadvantageous. Our findings uggest that, 
whenever possible, reconstruction with a tube graft, 
or an aortoiliac graft preserving the flow to the internal 
iliac arteries will prevent he complication. Avoiding 
prolonged operations and cross-clamping, aswell as 
major bleeding is also favourable in the aspect of 
preventing intestinal ischaemia. 
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